Lumazine-6-(8) and 7-carboxylic acid (23) and their N-methyl derivatives (12, 13, 21, 26, 28, 29) have been synthesized and characterized by the determination of their pK values and the UV spectra of the neutral, mono and dianion species. It was noticed that th e acidities of the two N-H protons of the pyrimidine moiety are almost the same indicating that the dianions of 8 and 23, respectively, are I: 1 mixtures of the corresponding N-l and N-3 deprotonated form s. The lumazine-7-carboxylic acids (23, 26, 28, 29, 31, 33) are in comparison to their 6-carboxyJic acid counterparts (8, 12, 13, 21, 39) stronger acids by about I pK unit due to the resona nce effect of the 4-oxo function on C-7 but not C-6. Alkaline KMn04 oxidation of 6.7-dimethyl-Iumazine (30) forms expectedly 6-methyl-Iumazine-7-carboxylic acid (31) in high yield according to th e activation of th e 7-methyl group by the electron-attracting 4-carbonyl residue.
Introduction
Lumazine derivatives represent a second class of naturally occurring pteridines which are to some extent less distributed in nature but found more frequently in microorga nisms (1) th an the better known pterins (2) .
Systematic investigations on the rel ationships of structures to chemical a nd physical properties of various types of lumazine derivatives (3-26) have so far not been extended to the lumazine-6-and 7-carboxylic acids a nd its N-methyl derivatives and will therefore be described and di scussed in this paper. Former studies in this series have revealed that the hydroxy groups adapt, with only a few, sterically inforced exceptions (3) , th e therm ody namically more stable cyclic lacta m configuration. The natu ral lumazi nes are in general 6-substituted derivatives due to their biosynthetic relationship to the pterins but there is also a second biogentic pathway to the pteridine ring-system if we are dealing with ribofl a- vin biosynthesis and its lumazine precursors (5, 27) .
Results and Discussion
The syntheses of lumazine-6-(8) and 7-carboxylic acid (23) are described in th e old pteridine literature by two different routes. Either 6-(7) and 7-methyllumazine (22) , respectively, are oxidized by alkaline permanganate (28, 29) or pterin-6-(5) and 7-ca rboxylic acid (6) (30) are hydrolyzed by conc. hydrochloric acid (31, 32) to th e corresponding lumazine carboxylic acids. Methyl lumazine-6-ca rboxylate (9) was prepared by esterification of 8 with methanolic HCL analogous to the procedure of methyl lumazine-7-carboxylate (24) (28) . Treatment of 9 in methanolic am monia at 150 u in a sealed tube gave lumazine-6-carboxamidc (10) .
Furthennore 6,7-dimethyllumazine (30) was also oxidized by 1.2 equivalents of alkaline pennangan ate to afforded as the main reaction product 6-methyllumazine-7-carboxylic acid (31) besides a small amount of lumazine-6,7 dicarboxylic acid (36) . Ester-ification of 31 by methanolic Hel led to methyl 6-methyllumazine-7-carboxylate (32) . The structure of 31 was derived from the higher reactivity of the 7-over the 6-methyl group and by the fact that the condensation of 6-amino-2-methylthio-5-nitroso-pyrimidin-4-one (37) with ethyl acetoacetate in glycol in presence of sodium glycolate formed in a Timmis reaction (33) in an unambiguous manner the hydroxyethyl 2-methylthio-7-methyl-4-oxo-dihydropteridine-6-carboxylate (38) which was then hydrolyzed by 1 N HCl to the isomelic 7-methyllumazine-6-carboxylic acid (39).
Methylation of 31 by an excess of dimethylsulfate at pH 10 afforded 1.3.6-trimethyl-Iumazine-7-carboxylic acid (33) which on treatment with dimethylsulfate/ potassium carbonate in DMF led to the corresponding methyl ester 34. The ethyl 1.3.6-trimethyllu-;:lazine-7-carboxylate (35) on the other hand was obtained from 33 by reaction with ethyl orthoformate in 59% yield.
The syntheses of 1-(12) and 3-methyllumazine-6-carboxylic acid (17) (30) can be obtained in a regioselective condensation reaction from 5,6-diamino-l-methyl-and 5,6-diamino 3-methyluraciL respectively, with methylglyoxal dimethyl-acetal in 30% Hel in high yields and followed by alkaline permanganate treatment to give 26 and 31. The 1-( 12) and 3-methyllumazine-6-carboxylic acid (17) , however, afforded some other approach achieving first a regioselective reaction to 6-substituted lumazine derivatives. Based on former results (21) 5.6-diamino-l-methyl-and 5.6-diamino-3-methyluracil was condensed with oximinoacetone and propanetrione-1.3-dioxime, respectively, first to the corresponding SchifTs bases 1-4, which were cyclizcd by cone. sulfuric acid to 1,6-(111) and 3,6-dimethyllumazine (16) as well as l-methyl-( 13) and 3-methyllumazine-6-carboxaldoxime (18) . Dehydration of 13 and 18 by reflux in Ac 2 0 led to 6-cyano-l-(15) and 6-cyano-3-methyllumazine (20) which have then been transferred by acid hydrolysis into 1-(12) and 3-methyllumazine-6-carboxylic acid (17) and which were also derived from 11 and 16 by permanganate oxidation. Finally cleavage of 13 and 18 by formaldehyde in acidic medium was also successful to form l-methyl-( 14) (34) and 3-methyllumazine-6-carboxaldehyde (19) .
Physical Properties
The various types of lumazine carboxylic acids have been characterized by elemental analyses and the UV spectra of the different molecular forms which were based on spectrophotometrically determined pK,,-values (35) ( Table I) . It was of special interest to compare the spectral features of the lumazine carboxylic acids and their derivatives with those of lumazine itself in order to get as much information as possible about the interaction of the carboxyl function with the lumazine nucleus. The neutral molecular forms of the lumazine-6-and 7-carboxylic acids are typically different in the shape of their spectra since the former types consists of three bands and a maximum at 326-328 nm whereas the 7-isomers show only two absorption bands and somewhat longer absorption maxima at 342-348 nm.
Expectedly, the most acidic hydrogen in the lumazine-6-and 7-carboxylic acids is located in the carboxyl group as clearly seen from a comparison of the first acidic pK" of the acids 8 and 23 with the corresponding esters 9 and 31. There is also a substantial difference in acidity of the lumazine-6-and 7-carboxylic acids due to the fact that the 7-carboxyl group is electronically connected hy resonancc with the C = O function in 4-position whereas the 6-carboxyl group does not show such an interaction with any other electron-attracting functionality in the molecule. These interactions are also reflected by the UV spectra of the monoanions which show in the 6-scries either no or only a small bathochromic shift of the long wave length absorption band but a severe hypsochrom ic shift in the lumazine 7-carboxylic acids. The second pK" describing the equilibria between the various monoanions to dianions can be used for the determination of the ionization sequence of Pteridines / Vol. 4 / NO.4 the acidic hydrogens in these molecules. The very similar second pK, of lumazine-6-carboxylic acid (8) and its 1-(12) and 3-methyl derivative (13) analogously oflumazine-7-carboxylic acid (23) and its 1-(26) and 3-methyl derivative (28), respectively, indicate that the dian ions of 8 and 23 do not exist as single species but are obviously 1: I mixtures of the N-I and N-3 deprotonated molecular forms recogni zed in a similar manner earlier with lumazine itself (3) . The UV data also confirm this interpretation since the dianion spectra of lumazine-6-and 7-carboxylic acid reveal in the absorption bands at long wavelengths an intermediary shape between the characteristic curves of the N-l and N-3-methyl blocked analogs. The shoulders on the red side of the absorption bands count for an N-l deprotonation and giving raise to a stronger bathochromic shift whereas ionization at the N-3 position is associated with a much smaller red shift (Figure 1 and 2) .
The IH-NMR spectra do not point to any special structural features and will therefore not been discussed in detail. They are very simple, confirm the proposed structures and are listed in the experimental part.
Experimental Part
General. -TLC: precoated silica gel thin-layer sheets F 1500 LS 254 and cellulose thin-layer sheets F 1440 LS 254 from Schleicher & Schull. M .p. : Buchi apparatus, model Dr. Tottoli; no corrections. pK: the determinations were done by the spectrophotometric method (35) . UV/VIS: Lambda 5 (Perkin Elmer); Amax (log c). IH-NMR: Bruker WN-250; in <' ) (ppm) relative to TMS.
6-Amino-I-methyl-5 -(2-methyloximin oethylideneamin 0) uracil (1)
In 11 ml of H 2 0 1.1 g (5.6 mmol) of 5.6-diamino-I-methyluracil mono hydrochloride were dissolved and then 0.67 g (7.6 mmol) of oximinoacetone added with stirring. The reaction mixture was neuralized after 30 min to pH 6 by a saturated solution of aqueous NaHC0 3 . The orange precipitate was collected, washed with H 20 (2) In 30 ml of H 2 0 1.88 g (0.01 mol) of 5.6-diamino-I-methyluracil monohydrochloride were dissolved and then 1.1 g (0.0 II mol) of propanetrione-l.3-dioxime added with stirring. The reaction mixture was neutralized after 20 min to pH 6 by NaHC0 3 . The orange precipitate was collected, washed and dried in a desiccator to give 2.44 g (96%) of m. 
6-Amino-5 -diformaldoximinomethylenamino-I-methyluracil

6-Amino-3-methyl-5-(2-methyloximinoethylideneamino) uracil (3)
Analogous to procedure of 1 from 1.0 g (5. 
Lumazine-6-carboxylic acid (8) (28. 32).
In 750 ml of cone. HC I 6.0 g «(W29 mol) of pterin-6-carboxylic acid (5) (30) were heated under reflux for 2 days. The resulting precipitate was collected, dissolved in 100 ml of I N NaOH with heati ng, treated with charcoal, filte red and then dropwi se added to boiling cone. HC I (20 ml). A colorless solid was obtained which gave after drying at 100" 5. 
Methyl lumazine-6-carboxylme (9)
In 300 ml of saturated methanolic HCI were stilTed 3.0 g (0.014 mol) of lumaz ine-6-carboxylic acid (8) tor 6 days. It was evaporated to dryness, the residue treated with M eOH and then the precipitate collected. Recrystalli zation from 175 ml of H 2 0 and charcoal treatment gave 2. 
Lumazine-6-carboxamide (10)
In an autoclav were heated 0.5 g (2.25 mmol) of methyl lumazine-6-ca tboxylate (9) in 50 ml of methanolic ammonia to 150" for 3 hours. After cooling Ptcridines / Vol. 4 / NO.4 the precipitate was collected, then dissolved in dilute ammonia with h eating and after treatment with charcoal the filtrate acidified with AcOH. The colorless solid gave after drying at 100° 0.27 g (58%) of m.p.) 300". IH-NMR (D 6 -DMSO): 11.95 (s, 2H, N-H 
1.6-Dimethyl-lumazine (11)
In 5 ml of cone. H 2 S0 4 was dissolved 0.5 g (2.3 mmol) of I and the mixture then heated to 50° for 5 min with stirring. The reaction solution was poured on ice (20 g) then extracted with CHCI I th e organic layer dried over Na2S04 and finally evaporated to dryness. Recrystalli zation from EtO H
I-Methyl-lumazine-6-carboxylic acid (12) (34)
a) A solution of 0.2 g (I mmol) of 6-cyano-I-methyl-Iumazine (15) in 10 ml of 50% H 2 S0 4 was heated to 100" for 2 hours. After cooling was diluted with H 2 0 (10 ml) a nd chilled over night. The precipitate was collected, washed with little H 20 a nd then recrystallized from 0.1 N HCI to give 0.192 g (87%) of a colorless powder of m.p. 287" (decomp). b) A solution of 0.1 g (0.52 mmol) of 11 in 3ml of IN NaOH was refluxed and then gradually 0.2 g of KMn04 added within I hour. After heating for another hour th e brown precipitate of Mn02 was filtered off and then the hot filtrate acidified by HC I to pH I. The yellow precipitate was collected after cooling and purified by charcoal treatment in dilute NaOH. filtration a nd acidification to give 0.048 g (42%) of a colorless powder of m.p. 287 
I-Methy l-lumazine-6-carbaldoxime (13)
In 20 ml of 5% NaHC0 3 solution was h eated under reflux 1.16 g ( (14) (34) In a mixture of aqueous formaldehyde/ H 2 0 / 5N HCI 8:4:1 was heated under reflux 0.5 g (2.1 mmol) )f 13 for 1 hour. Nter cooling the solution was ne utralized and then several times extracted by C HCh. The organic phase was dried over Na2S04, ;?\aporated to dryness and the residue puritied by -:o!umn chromatography on silica gel with CHCh. Th e main fraction gave on evaporation 0.35 g (76%)
/ -Methy l-lumazine-6-carboxaldehyde
It" a colorless solid of m.p.)3000. Lit (34 :"-l-CH3).
Ii -C:yano-I-melhyl-lumazine (15)
In 30 ml of acetic anhydride was heated under ~;? t1ux for 24 hours I g (4.5 mmol) of 14. It was c'\'aporated to dryness, then coevaporated with toluene and the residue purified by column chromatoraphy on silica gel with AcOEt/ n-hexane I: I to 
3-Methyl-lumazine-6-carboxylic acid (17)
a) A solution of 0.1 g (0.49 mmol) of 6-cyano-3-methyl-lumazine (20) in 10 ml of 50% H 2 S0 4 was heated under retlux for 1.5 hours. The mixture was diluted with H 2 0 (10 ml) and chilled over night. 
3-Methyl-Iumazine-6-carbaldoxime (18)
In a 5% solution of NaHCO , 
3-Methyl-Iumazine-6-carboxaldehyde (19)
In a mixture of conc. formaldehyde (37%), H 2 0 and 5 N HCI (8:4:1) 0.5 g (2.1 mmol) of 18 was heated under retlux for I hour. Nter cooling the solution was neutralized and then extracted several times with CHCh. The CHCh layer was dried over Na2S04, evaporated a nd the residue purified by silica gel column chromatography to give 0. 
6-Cyano-l-methyl-lumazine (20)
In 30 ml of acetic anhydride was refluxed 1.0 g (4.5 mmo\) of 18 for 24 hours. It was evaporated to dryness, coevaporated with toluene and then the residue purified by silica gel column chromatography in EtOAc/ n-hexane 1:2 to give 0.62 g (68%) of a colorless powder of m.p. 298°. UV (MeOH): 249 (4.09). 335 (3.79 (21) (32) Methylation of 0.9 g (4.5 mmol) of 8 in 36 ml of 0.25 N NaOH was performed by dropwise addition of 2.l ml of dimethyl sulfate with stiffing at 40°. The pH was controlled and 1 N NaOH gradually added to keep the pH between 10 and 12. The reaction solution was then acidified to pH 0 by aqueous HCI whereby a yellowish precipitate was obtained. 
1.3-Dimethyl-lumazine-6-carboxylic acid
Lumazine-7-carboxylic acid (23)
A solution of 5.0 g (0.025 mol) of 22 in 80 ml of 1 N NaOH was stirred at 100° and then 8.0 g (0.05 mol) of KMn04 gradually added within 2 hours. After another hour the Mn02 was ftltered off, washed several times with boiling H 2O. The hot filtrate was concentrated to 50 ml, acidified to pH o by HCl and after cooling the yellowish precipitate 
7-Dimethyl-Iumazine (25)
To a solution of 1.5 g (7.8 mmol) of 5.6-diamino-I-methyl uracil mono hydrochloride in 10 ml of cone. HCI was added dropwise at room temperature \0 ml of methylglyoxaldimethylacetal with stiffing. The mixture was then heated to 100° for 1 hour and on cooling a yellowish precipitate separated. Recrystallization from EtOH with charcoal yielded 1. 
3,7-Dimethyl-lumazine (27)
To a solution of 1.5 g (7.8 mmol) of 5.6-diamino-3-methyl-uracil monohydrochloride in 10 ml of conc. HCl was added dropwise within 30 min. \0 ml of methylglyoxaldimethylacetal with stiffing at room temperature. The mixture was then heated under gentle reflux for 1 hour, cooled and the precipitate collected. Recrystallization from EtOH with little charcoal gave 1. 
3-Methyl-lumazine-7-carboxylic acid (28)
To a boiling solution of O.l g (0.52 mmol) of 27 in 3 ml of IN NaOH were added within 2 hours 0.2 g of KMn04 with stiffing. The Mn02 was filtered off and the hot filtrate acidified to pH 0 with HC!. After cooling the precipitate was collected and gave on recrystallization from 1 N HCl 0.054 g (46%) of a yellowish powder of m.p. 276° (decomp 
6-Methyl-lumazine-7-carboxylic acid (31)
In 400 ml of 1 N NaOH were dissolved 9.5 g 10.05 mol) of 6.7-dimethyl-lumazine (30) (36) and to the boiling solution 19 g of KMn04 added slowly \\'ithin I hour. The Mn02 was filtered off the hot solution, the precipitate washed with 100 ml boiling 
1,3,6-Trimethyl-lumazine-7-carboxylic acid (33)
In 20 ml of 1 N NaOH were dissolved 1.1 g (5 mmo!) of 31 and then with stirring at room temperature 2.5 ml of dimethylsulfate slowly dropwise added. As soon as the pH drops below 10 simultanously another 10 mI of I N NaOH was added gradually, After stirring for 2.5 hours the solution was acidified by HCI to pH 0, the precipitate was collected and then recrystallized from a mixture of 
Methyl 1,3,6-trimethyl-lumazine-7-carboxylate (34)
In 50 ml of saturated methanolic HCl was dissolved 1.0 g (4 mmol) of 33 and then gently heated under reflux with simultaneous feeding of HCl-gas for 2 hours. It was then evaporated to dryness and the residue recrystallized from MeOH to give 0. 
Ethyl 1,3,6-trimethyl-lumazine-7-carboxylate (35)
In an oil-bath was heated 1.0 g (4 mmol) of 33 in 100 ml of ethyl orthoformate to 120° for 24 hours. It was evaporated to dryness and the residue recrystallized from 35 
2-Hydroxyethyl 7-methyl-2-methylthio-pteridin-4-one-6-carboxylate (38)
In 250 ml of ethylene glycol were dissolved 3 g of sodium and then 18.6 g (0.09 mol) of 6-amino-2-methylthio-5-nitrosopyrimid-4-one (37) (37) added with stirring. The mixture was heated in an oil-bath to 80° and then ethyl 3-oxobutanoate dropwise added within 30 min. After heating for 4 hour was evaporated in vacuum, the residue treated with EtOH, filtered and then the precipitate recrystallized from 5% aqueous AcOH to give brownish crystals (7.5 g). Two more recrystallizations from H 2 0 and EtOH, respectively, with charcoal gave 5. 
7-Methyl-lumazine-6-carboxylic acid (39)
In a mixture of 20 ml of cone. HCI and 20 ml of H 2 0 were heated under reflux 2.8 g (0.01 mol) of 38 for 24 hours. After cooling the precipitate was collected, washed with H 2 0, dissolved again in dilute NaOH, treated with charcoal, filtered and then the hot ftItrate added dropwise with stirring into boiling I N HCl. A precipitate was formed which was collected after cooling and on drying at 100° gave 1. 
